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(XURPHPEUDQH&RQIHUHQFH
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7KHHIIHFWRIIHHGSUHWUHDWPHQWE\XOWUDVRXQGRQGDLU\XOWUDILOWUDWLRQPHPEUDQHV
//$.RK0$VKRNNXPDU6.HQWLVK
7KH8QLYHUVLW\RI0HOERXUQH$XVWUDOLD
&RQFHQWUDWLRQ RI ZKH\ LV D PDMRU PHPEUDQH ILOWUDWLRQ SURFHVV XVHG LQ WKH GDLU\ LQGXVWU\
+RZHYHU WKH HFRQRPLF HIILFLHQF\ RI WKLV SURFHVV LV OLPLWHG E\ PHPEUDQH IRXOLQJ D VKDUS
UHGXFWLRQ LQ SHUPHDWH IOX[ DQG DQ LQFUHDVH LQ SUHVVXUH GURS DFURVV WKHPHPEUDQH UHTXLUHV
FRVWO\ FOHDQLQJF\FOHVDQG LQ VRPHFDVHV UHSODFHPHQWRI WKHPHPEUDQHPRGXOH LQRUGHU WR
UHVWRUHWKHRULJLQDOIOX[

6HYHUDO PRGLILFDWLRQV KDYH EHHQ SURSRVHG WR HQKDQFH PHPEUDQH SHUIRUPDQFH DQG UHGXFH
IRXOLQJ )HHGSUHWUHDWPHQW DQGXOWUDVRQLF HQKDQFHPHQW DUH H[DPSOHV RI VXFKPRGLILFDWLRQV
7KH XVH RI DQ XOWUDVRQLF ILHOG LQVWDOOHG DORQJVLGH WKH ILOWUDWLRQ XQLW LQGXFHV ORFDOLVHG IORZ
GLVWXUEDQFHV WKURXJK YLEUDWLRQ DQG FDYLWDWLRQ HQKDQFLQJ WXUEXOHQFH QHDU WKH PHPEUDQH
VXUIDFH DQG SURPRWLQJ EDFN WUDQVSRUW RI VROXWHV LQWR WKH EXON VROXWLRQ +RZHYHU WKH XVH RI
XOWUDVRXQGGLUHFWO\RQWKHPHPEUDQHVXUIDFHLVH[SHQVLYHDQGGLIILFXOWWRVFDOHXS,QDGGLWLRQ
WKHUHLVDSRVVLELOLW\WKDWWKHPHPEUDQHVWUXFWXUHPD\EHGDPDJHG>@

0RUHUHFHQWO\$VKRNNXPDUDQGFRZRUNHUV>@KDYHVKRZQWKDWXOWUDVRQLFWUHDWPHQWRIDGDLU\
ZKH\ VROXWLRQ LQGHSHQGHQWO\ RI PHPEUDQH ILOWUDWLRQ EUHDNV GRZQ SURWHLQ DJJUHJDWHV DQG
GHFUHDVHVVROXWLRQYLVFRVLW\:LWKVXFKDUHGXFWLRQ LQYLVFRVLW\ LWPD\EHSRVVLEOHWRSURFHVV
ZKH\VROXWLRQVRIKLJKVROLGVFRQWHQWLQPHPEUDQHILOWUDWLRQXQLWVPRUHHDVLO\ZLWKDUHGXFWLRQLQ
RYHUDOO HQHUJ\ UHTXLUHPHQWV ,Q DGGLWLRQ $VKRNNXPDUHW DO >@ VKRZHG WKDW ZKHQ VRQLFDWLRQ
ZDVDSSOLHGWRDKHDWHGVROXWLRQRIGHQDWXUHGDQGDJJUHJDWHGSURWHLQV WKHUHZDVDGUDPDWLF
GHFUHDVH LQSDUWLFOHVL]HDQGYLVFRVLW\ ,WZDVVSHFXODWHG WKDW WKH UHGXFWLRQ LQDJJUHJDWHVL]H
DQG YLVFRVLW\ LV GXH WR WKH GLVUXSWLRQ RI K\GURSKRELF LQWHUDFWLRQV E\ VKHDU IRUFHV WKDW DUH
JHQHUDWHG GXULQJ DFRXVWLF FDYLWDWLRQ >@ 8SRQ IXUWKHU KHDWLQJ WKLV ORZ YLVFRVLW\ ZDV
PDLQWDLQHG RYHUFRPLQJ WKH SUREOHP RI SRRU KHDW VWDELOLW\ RI UHFRQVWLWXWHG SRZGHUV >@ 7KH
FRPELQDWLRQ RI KHDW DQG XOWUDVRQLF SUHWUHDWPHQW LV WKXV D SURPLVLQJ DSSURDFK WR DOOHYLDWLQJ
PHPEUDQHIRXOLQJDQGHQKDQFLQJSURGXFWLYLW\ZKLOHSURGXFLQJKHDWVWDEOHSRZGHUV

$OWKRXJK WKHFKDQJH LQDJJUHJDWHVL]HDQGYLVFRVLW\VKRXOGDVVLVWZLWKPHPEUDQH ILOWUDWLRQ LW
FRXOG DOVR OHDG WR LQFUHDVHG IRXOLQJ FDNH FRPSDFWLRQ 7KH DLP RI WKH SUHVHQW ZRUN ZDV WR
FRQILUP ZKHWKHU XOWUDVRQLF SUHWUHDWPHQW DIIHFWHG GRZQVWUHDP XOWUDILOWUDWLRQ RI ZKH\ SURWHLQ
FRQFHQWUDWH :3& VROXWLRQV 7KH HIIHFW RI VRQLFDWLRQ DORQH DQG WKH FRPELQDWLRQ RI KHDW
WUHDWPHQW DQG VRQLFDWLRQ RQ PHPEUDQH IRXOLQJ ZHUH LQYHVWLJDWHG 7KH FKDQJH LQ DEVROXWH
SHUPHDWH IOX[ ZLWK WLPH IRU GLIIHUHQW IHHG VROXWLRQV ZHUH DQDO\VHG XVLQJ +R DQG =\GQH\¶V
FRPELQHG SRUH EORFNDJH DQG FDNH ILOWUDWLRQ PRGHO (TXDWLRQV  DQG  >@ 7KLV PRGHO ZDV
FKRVHQDVLWZDVDEOHWRHYDOXDWHWKHHIIHFWRIKHDWDQGXOWUDVRXQGRQERWKWKHSRUHEORFNDJH
DQGFDNHILOWUDWLRQSKHQRPHQD
 (TXDWLRQ
  (TXDWLRQ
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
ZKHUH4LVWKHYROXPHWULFIORZUDWHPV4LVWKHLQLWLDOYROXPHWULFIORZUDWHWKURXJKWKHFOHDQ
PHPEUDQHPVĮLVWKHSRUHEORFNDJHSDUDPHWHUPNJ¨3LVWKHWUDQVPHPEUDQHSUHVVXUH
3D&ELVWKHEXONSURWHLQFRQFHQWUDWLRQJ/WLVILOWUDWLRQWLPHVȝLVWKHYLVFRVLW\RIWKHIHHG
3DV5P LV WKH UHVLVWDQFH RI WKH FOHDQPHPEUDQH P5S LV WKH UHVLVWDQFH RI WKH SURWHLQ
GHSRVLWP5SLVWKHUHVLVWDQFHRIDVLQJOHSURWHLQDJJUHJDWHPI¶LVWKHIUDFWLRQDODPRXQW
RISURWHLQ WKDWFRQWULEXWHV WRGHSRVLWJURZWKDQG5¶ LV WKHVSHFLILF UHVLVWDQFHRI WKHSURWHLQ
OD\HU PNJ7KHSHUPHDWH IOX[ WKURXJK WKHPHPEUDQH LV WKXVGHSHQGHQWRQ WKHUDWHRISRUH
EORFNDJHĮ WKH LQLWLDO UHVLVWDQFHRI WKHGHSRVLW 5SDQGWKHJURZWKUDWHRI WKHSURWHLQFDNH
OD\HUGHVFULEHGE\I¶5¶

,QQDWLYHDQGVRQLFDWHG:3&VROXWLRQV)LJXUHWKHUHLVQRFKDQJHLQIOX[GHFOLQHSDWWHUQ
DQGWKHSHUFHQWDJHIOX[UHGXFWLRQVLQERWKIHHGVDUHVLPLODU7KHSRUHEORFNDJHSDUDPHWHUVIRU
WKHQDWLYHDQGVRQLFDWHGVDPSOHVDUHDQGPNJUHVSHFWLYHO\ZKLOHWKHFDNHJURZWK
IDFWRUV DUH  [  DQG  [  PNJ UHVSHFWLYHO\ ERWK UHVXOWV DUH RI WKH VDPH
PDJQLWXGH DQG VKRZ QR FKDQJH XSRQ VRQLFDWLRQ +HQFH SUHWUHDWLQJ WKH IHHG WKURXJK
VRQLFDWLRQ SURGXFHG FRPSDUDEOH OHYHOV RI PHPEUDQH IRXOLQJ 7KH LQDELOLW\ RI VRQLFDWLRQ WR
UHGXFHIRXOLQJPD\EHGXHWRWKHVPDOODJJUHJDWHVL]HDQG ORZYLVFRVLW\RIWKHQDWLYH:3&
VR WKDW WKH FKDQJHV WKDW RFFXU XSRQ VRQLFDWLRQ DUH WRR VPDOO WR FUHDWH D VLJQLILFDQW LPSDFW
+RZHYHUWKHORZHUYLVFRVLW\RIWKHVRQLFDWHGIHHGLVOLNHO\WROHDGWRORZHUSUHVVXUHGURSVDQG
KHQFHLPSURYHGHQHUJ\HIILFLHQF\IRUWKLVSURFHVV


)LJXUH3ORWRISHUPHDWH IOX[DJDLQVW WLPH IRUQDWLYHVRQLFDWHGSUHKHDWHG 3UH+DQGSUH
KHDWHGDQGVRQLFDWHG3UH+86IHHG

)RUKHDWWUHDWHGVDPSOHV)LJXUHWKHVDPSOHWKDW LVSUHKHDWHGDORQH3UH+KDVDJUHDWHU
IOX[UHGXFWLRQWKDQWKHRQHWKDWLVVRQLFDWHGDIWHUKHDWWUHDWPHQW3UH+86,QDGGLWLRQWKLV
3UH+VDPSOHKDVDKLJKHUSRUHEORFNDJHSDUDPHWHU±PNJFRPSDUHGWRPNJZKHQ
VRQLFDWLRQLVXVHG7KLVLVDOVRREVHUYHGLQWKHIOX[GDWDZKHUHDVWHHSHUVORSHLVREVHUYHGDW
WKHVWDUWRIWKHUXQ7KHFDNHJURZWKIDFWRURIWKHSUHKHDWHGVDPSOHLVDOVRVLJQLILFDQWO\JUHDWHU
DW  [  PNJ 7KXV WKH ODUJH SURWHLQ DJJUHJDWHV LQ WKH 3UH+ VDPSOH EORFNHG WKH
PHPEUDQHSRUHVWRDJUHDWH[WHQWDQGIRUPHGDGHQVHFDNHOD\HURYHUDVKRUWHUSHULRGRIWLPH
7KH VDPSOH WKDW ZDV VRQLFDWHG DIWHU SUHKHDWLQJ RQ WKH RWKHU KDQG DFKLHYHG D KLJKHU
SHUPHDWHIOX[ZLWKOHVVHUSRUHEORFNDJHDQGFDNHJURZWK,QDGGLWLRQWKHSURWHLQFRQFHQWUDWLRQ
LQERWKSHUPHDWHVDUHORZDWZW

,QFRQFOXVLRQSUHWUHDWPHQWRIDZKH\SURWHLQVROXWLRQWKURXJKVRQLFDWLRQDORQHGLGQRWDOOHYLDWH
WKH HIIHFWV RI PHPEUDQH IRXOLQJ +RZHYHU ZKHQ D SUHKHDWHG ZKH\ SURWHLQ VROXWLRQ ZDV
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VRQLFDWHGWKHUHZDVDGHFOLQHLQSRUHEORFNDJHDQGIRXOLQJFDNHJURZWKZLWKQRFKDQJHWRWKH
SURWHLQFRQFHQWUDWLRQLQWKHSHUPHDWH%RWKDSSURDFKHVKDYHWKHSRWHQWLDOWRUHGXFHWKHHQHUJ\
UHTXLUHPHQWVRIZKH\XOWUDILOWUDWLRQDVWKH\OHDGWRDORZHUYLVFRVLW\IHHGVROXWLRQ

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